Linguistic fieldwork data -in the form of basic vocabulary lists -for nine closely related language varieties are compared using an automatic procedure with manual feedback, whose major advantage is its complete consistency. The results of the vocabulary comparison turn out to be in accord with other linguistic features, making this methodology a promising addition to the toolbox of genetic lingusitics.
Introduction
The aim of the work presented here is to examine genetic relationships among nine Tibeto-Burman varieties spoken in the Kinnaur region in India, using a semi-automatic computational approach. The focus in this presentation is on lexical items, although grammatical features are also taken into account in our work.
2 Background: Kinnauri varieties and the language data used
The Tibeto-Burman varieties to be discussed here are collectively referred to as Kinnauri and are spoken 1 in the Kinnaur region in the Himachal Pradesh state in India. They belong to the WestHimalayish sub-branch of the Tibeto-Burman language family, which in turn forms one of the two primary subdivisions of the Sino-Tibetan language family. There is brief mention of some Kinnauri varieties in some older works (e.g., Gerard 1842; Cunningham 1844). However, to date there has not been any systematic, comparative linguistic study of the Kinnauri varieties, and consequently no systematic basis for examining how the Tibeto-Burman varieties spoken in Kinnaur relate to one another. The fieldwork to collect the data used in this investigation was conducted in the following villages in Kinnaur: Nichar (Ni), Sangla (Sa), Chitkul (Ch), Kalpa (Ka), Kuno (Ku), Labrang (La), Poo 1 None of them have a conventional written form. 
Procedure for word list comparison
The procedure which we have used for comparing the word lists here is similar to recent work in dialectometry (e.g., Nerbonne and Heeringa 2009) and lexicostatistics (e.g., Holman et al. 2008 ) in relying on a completely automatic comparison of the items in the word lists. However, it differs from most of this work -a notable exception being the work reported on by McMahon et al. (2007) -in its usage of rules tailored to the particular linguistic configuration under investigation, rather than a general method for string comparison. In this respect, it falls somewhere in between traditional glottochronology -where expert statements are required about the cognacy of items -and these modern approaches -which rely entirely on surface form for determining identity of items -although closer to the latter than the former.
The main methodological advantage of our approach is its consistency, and not as claimed for the work just referred to, that it should be languageindependent. Instead, in our case we try to apply a principle sometimes formulated in computational linguistics as "Don't guess if you know" (Tapanainen and Voutilainen, 1994, 47) , which leads us to include language-specific knowledge in the form of correspondence rules among dialects.
The following proceedure was used in this investigation, developed in collaboration between a computational linguist (Borin) and the linguist who collected the language data (Saxena):
• After the data collection and initial processing of the data, • a list of observations of relationships among varieties was made by the linguist.
• This list formed the basis for developing a set of principles for comparing the linguistic correspondences in these Kinnauri varieties. These were formulated by the linguist and computational linguist together and their purpose was to determine which segmental differences to disregard for the purpose of considering items in different varietes as the same.
• The principles were encoded by the computational linguist as context-sensitive phonological segment equivalence rules in a small computer program for comparing items fully automatically in order to achieve consistency.
• The equivalence rules were revised after inspection of the result, and the program run again on the data. This process went through a few iterations until the linguist was satisfied with the result.
The results are indicative and sometimes subject to revision, but interesting. They come in the form of two kinds of tables:
• tables of individual lexical items, where items considered the same in different varieties get the same numerical index (table 1a) ; • summary tables, where similarities among all lexical items of a particular grammatical or semantic category (nouns, kinship terms, etc.) are shown as ratios and percentages (see tables 1b-1d).
Results
The findings of this survey will be illustrated here by focusing on the following lexical sets: adjectives, nouns, numerals and all words. In table 1a, all Swadesh list items are further identified by their Swadesh list number added to the end of the English word and separated from the word by a slash: small/32. Data on adjectives are shown in tables 1a and 1b. Yellow indicates Kinnauri varieties which show 50% or more similarity, blue indicates 10% or less similarity. Sangla, Nichar, Kalpa and Ropa share a higher degree of similarity with one another. Similarly, there is a higher degree of similarity between Poo, Kuno and Nako. But there is very little similarity between the varieties of the Sangla group and the varieties of the Nako group. Table 1c gives corresponding figures for nouns.
The numerals 1-10 in the Kinnauri varieties are cognates to a very large extent -consistent with the Tibeto-Burman numeral forms noted by Hodson (1913) . For the numerals 1, 4, 7, 8 and 10 these varieties use two distinct cognate forms: Poo, Kuno and Nako use the same forms as noted by Hodson (1913) for Central Tibetan, while Nichar, Sangla, Kalpa, Ropa, Chitkul and Labrang use another set of forms. 3 These data, which lack of space prevents us from showing, thus support the pattern emerging from the comparisons that we show here.
Summary and discussion
See table 1d. This comparison suggests that 1. the Kinnauri varieties on the two extremes of this table form two separate sub-groups, referred to here as the "Sangla group" at the left end and the "Nako group" at the right end. 2. The core members of the Sangla group are Sangla, Nichar and Kalpa, with Ropa as a more peripheral member. The core members of the Nako group are Poo, Kuno and Nako. They show a high degree of mutual similarity (mostly more than 50%). 3. These tables also display a consistent sharp distinction between the Sangla group and the Nako group, where the degree of similarity between the two groups is less than 10% in most cases. 4. Concerning the status of the remaining two varieties, Chitkul and Labrang:
a. The degree of similarity between Chitkul and Labrang is neither very high nor very low. It is 28% b. Concerning their relationship to the two groups, Chitkul -much more than Labrang -shows a relatively higher degree of similarity with the Sangla group (31-37%) than with the Nako group (6-8%). The systematic comparison of these linguistic features has revealed how the various Kinnauri varieties are similar or dissimilar to one another, thus providing the linguistic basis for examining the relationship among them. The results show that the investigated varieties can be classified into three (or possibly four) groups, where Sangla, Nichar, Ropa and Kalpa form one group; Poo, Kuno and Nako form another group; Chitkul and Labrang fall somewhere in between, being (separately) more to one or the other group concerning some linguistic features, but distinct with regard to other linguistic features. See figure 2.
Conclusions and future work
Due to restrictions of space, many details concerning the data collection process, language consultants, geography and demography of Kinnaur, language contact, other investigated linguistic features, etc., have been omitted here. These will be described in future publications from our project.
The automatic vocabulary comparison has yielded good results which are in accord with other linguistic evidence for the genetic linguistic subgrouping of the investigated Kinnauri varieties. A clear methodological advantage is the complete consistency of the comparison. The method will be developed further and its relationship to other similar work investigated, e.g., the work at Groningen on dialectometry (Nerbonne and Heeringa, 2009) as well as work at MPI Leipzig and elsewhere on the theory and methodology of automated largescale lexicostatistics (Holman et al., 2008; Ringe, 1999; Ringe et al., 2002; Wichmann and Grant, 2010) .
